Objective: To examine the relationship between the ratio of injected current to electrode area (I/A) and the current density at a fixed target point in the brain under the electrode during transcranial direct current stimulation (tDCS). Methods: Numerical methods were used to calculate the current density distribution in a standard spherical head model as well as in a homogeneous cylindrical conductor. Results: The calculations using the cylindrical model showed that, for the same I/A ratio, the current density at a fixed depth under the electrode was lower for the smaller of the two electrodes. Using the spherical model, the current density at a fixed target point in the brain under the electrode was found to be a non-linear function of the I/A ratio. For smaller electrodes, more current than predicted by the I/A ratio was required to achieve a predetermined current density in the brain. Conclusions: A non-linear relationship exists between the injected current, the electrode area and the current density at a fixed target point in the brain, which can be described in terms of a montage-specific I-A curve. Significance: I-A curves calculated using realistic head models or obtained experimentally should be used when adjusting the current for different electrode sizes or when comparing the effect of different current-electrode area combinations.
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Introduction
The application of a weak DC current through electrodes on the scalp, commonly referred to as transcranial direct current stimulation or tDCS, has been shown to be able to modulate cortical excitability in an effective and reproducible manner (Priori et al., 1998; Nitsche and Paulus, 2000; Nitsche et al., 2005) . All safety studies carried out so far indicate that the application of a current with an intensity of 1 mA for periods up to 20 min using electrodes whose area is about 25-35 cm 2 has no significant adverse effects (Nitsche et al., 2003; Iyer et al., 2005; Poreisz et al., 2007) . Because it is considered safe and it is well tolerated, easy to apply and inexpensive, tDCS has already been used in a large number of studies.
An overview of recent tDCS experiments and methodological issues is presented in Nitsche et al., (2008) . An assumption that is often made in tDCS studies is that the ratio of the injected current to the electrode area (I/A) determines the magnitude of the stimulation effect. This assumption is implicitly made when the I/A ratio is used to specify and compare stimulation intensities, as it is currently done. In a recent study, Nitsche et al. (2007) clearly demonstrated that a reduction in electrode area can increase the focality of tDCS whereas an increase in electrode area can render that electrode functionally ineffective. In this case too, the underlying assumption was that by keeping the I/A ratio constant while varying current intensity and electrode area, the effect in the brain was the same.
Given the widespread use of this assumption and its implications in terms of protocol design, interpretation of experimental results and safety, we sought to determine its validity on physical grounds. We assumed that the current density at the target location in the brain is a fundamental factor in determining
